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T 1 Keck -~��a1�A[���m�KT [6] T 2 �l��tg=!Q1=�E"T [6]�_p�:�Z��QÆ Keck Z��Nu`m4IL�VDi[P0<ÆA87Z��wav?�NuouS/��B'}Gnpu�i[P0<Zo`S}|� Diamond |' �� PI |'Æh HET?u`B2Æ SALT?u`*2Æ+bE�'I –h,<	℄i[P0<Æ�
��ÆY�� 2000 |� / > (C�8L<) �u%86�E: puH?Æ�!℄}^U�}�<ad�ÆG{�2�	�w�} i[T8o� 50 nm ÆaQ{��n℄��Sz�Æ!�_puQ4Nuk
I�Æ4�ni[T8o 
��S��{��4,5zwÆY�b 10∼20 µm/s Æk
�niv��s�`8D4,5 h6�iWÆb�nwz�5ÆpuQ+Nu068L�	� PI |'-B�E�D'X��℄i[P0<Æ'}nT8�
��x"Æ
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(1) m|��h5��
(2) T8o� 10 nm U�
(3) 4a 2∼4 mm �
(4) z��Æ<�js���
(5) :'"e�
(6) y#4��d��
(7) ℄��S 300∼500 N �
(8) ��Æ2�|�;Bx^����

2.2 �"�$�℄i[P0<!,}��`0��X�Qzb,i)�I�Æ1<O�'}�4a�n�5 �℄��6��A!�_�wapuQ�4a n�5��aO�f���!sPI%h	ÆMWNua�mVK��*3Yy> [7] �
(1) }�09��#�K	�
(2) E�
j��J��[0	P0�P�
(3) !P0<�D4<AdNu'}�01Mz��I���B`�pu��_�GnZ��h	�℄i[P0<�qCw℄K�ÆE)Nu`w*YVK�ÆO�N�:�Z��Q�!Y,a5pdi`8�℄VK��&��hS 3 5�Æ℄i[P0<�/z�TÆY�'}mrHT�P0�m�s0�m (UTi[1MI�) �i[�n
�I��iWÆ}1S�b
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Keck 4.2 1 >150

HET(Diamond 2200) 218 25(L Z _��e U9p��.G SALT(PI 235) 100 20 >10�9M LAMOST(Diamond ) 50 6 >50

E-ELT M1 � 5 >170F(Md U9po�� eG5�De; PI F(S3? (M311) 10 6 4��| (#f�5b9� E-ELT M5 � 5 ±0.12T`o GMT b� 5 ±0.2xJ{4 U9po�� 5b9 NGST 0P�*:Md ��|�d� L�^ ��e� <20 > 6
;(#f
3.1 ��$u�℄i[P0<�'I}?VI1ÆWu�}FÆ'I Bj'IÆ7},0�lU'I (CELT �P0<K�Qf}YVNulU'IzbP0�m [13]) ��FÆ'Iwb�\WuÆ2zbYV8Lu�<mÆz}HM}R�>"Æ�#i[P0<�:K�O�FÆ'IVI?ÆX�℄�Æ2u%'CSKÆ4?$�_I1'I'};0 �4.onÆ��zo�Æ},id#�>"��B�?#`�Ri�1GnZ���uQ�℄i[P0<NuFÆ'IzbP0�m [14] �
3.2 �\�X

1MuD'=yKb��D' pC�	℄^i[Æs0Y8ÆkAhs`I%��ni�}R�'}i[T8oNn�.o�pn���g	�j���2�	6.�y�n'vV 5�R8�>"�D'	�℄i[ÆteK2�D'=y���2	COATb��		�+)	�j�	 ��	���BD'Kbb\�!�uB`S�KbdF4Æ��8�uB [15] � PI |'-B�E�D'X��℄i[P0<Æ'}T8n (P-249.20 P0<T8o2�� 0.1 nm [16]) �
���x"Æ
�	�4azbA�Æ:SbiM�I�ÆO�n'D nS_�L8!GnZ��`0��X�Q�pu��Bp℄�Bqp�N�:�Z��Æh TMT Æ E-ELT �4NT``0���#m�p���2	ÆD'=y�m{�ap>6Æ!a=,�;���!5b`S�:�m�p��Q��`ÆJ�pu [9,17] �
3.3 �Æl�F
1!vV�zu�ÆvHy1KbS}62��0m�	℄^i[�a6vVE52a��CO�i[Æt^�vHy1P0�m'}W[i[�5n�yd��h6��s0
^��wzs,6����g	
{�2u�6.�x"�vHKb�y1^OD'KbI)Æ�T}��Oh 100 mm X�L�E Æ8y1^F} 7 µm [18] �b`vsz��4aSKÆ!�n7:Sbii[M�I�B2hS 4 5��
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T 4 �k�
wIz2L
j\Q1	
 [19]��CÆ<vHy1Kb�w,B	�&vHy1Kb
�I�;_F-&:CÆ_Kb'}
�℄�� (� 700 MPa) �p6� (bD'Kb� 5∼8') ��^~5n��^d9on
(�#�#� 0.75) �l564�pHa� (�nl� 200◦C) �i[�n�Z��p=�wz'D� (MW�� 30 V) �>6�{�&vHy1Kb5'(�3"x\>6Æpu&vHy1KbIB�GnZ��u℄i[P0<��	n P0�n,i�5�nT8oaQ��
{�6�Æ3�sPK	�P0<5yD,�� [6,20] �
4 �k℄3OK�MWÆ{�sVP0<�n�i[C�O�vs℄i[P0<��4a�n�5 �℄��X�SKÆkAY�Nu?UUU bi���i[1MI��; 2 tn>,z`Y"�BWu�WVi[1MI��	 2 �KMa<�9�d'n�h�G�%�4PL� ? 8 D t rw�Q i-.iri-? ���|�� e��7>� SALT 29.6:16o�!po �J

Keck

HET

LAMOSTg8meSx[ ze��z�J ^ �T�� HET 11.9:1�5-6x
LAMOST 4:1XFL� u3.���3 *l��J� Keck 24:1t-�u3T�� jE73�r>
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4.1 �)E8!NuFÆ'IzbP0�m�Æh,<YYzb�YUi[1MI��!�B�℄i[P0<���QÆMW?u4/hqh,<Q$�hqh,<�$�hqh,<�Mue6�mS}�28�0C�	�0 S�s!AQsP�h,<5Nu�k
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��Sn�x"�
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nÆO�_h,<?t9r℄i[�n�P�CC1S�$�"l�iWÆh��5��! �a�q�hqh,<�Y�X� [21] �
4.2 ���hS 5 5�ÆMuk
�JÆ4�01M�wE)��01M�JAYÆMW!k
1MI�QNue6U}�mT�sP�Z
�!{P0�m �01MI�u℄�P0�PQÆ1MI�)|��5uB�C2,��k+Æb"=P0�P�nT8oÆ2�s06��}RÆNue6I�zbP0<��01MI��YVQW#��?$�e6I��Z0e6vY��626S}�0Æ2�`sPvY�d��ÆI }��6<Æ:Sj1Æ
0�uBÆ���q`_6�ni�}RÆ2�	�}U�G�}U�nT8o [23] ��<�h6
mÆe6
m{�m|z��26Æ
H1M,n	Q
6Æ<�3VH?ÆYK�x4I%���w℄Æu%�_H?pR#J�#J�1ÆÆ4srHmj�x4�iYK�2Nu068LÆ!X#�5SK�Ha�Æ3VQ
62aM�i[Q^:,�F�BYba9;BÆ4�;Æavs�uSK�e6
maQe6vYMWNufh5JspRfhC�1Æq8e6d0Z� b":Æ<8Æ4�626 �0>6�T~ [24,25] � T 5 �F�f7wZ�VldJ� [22]

4.3 �`\$�VDI�s!0S�Æ�00s��87I��,2!&�Ha��	yU),Æ2�	�1M, (2�� 2000:1)�Fp=ÆlC�Æ�n,:0�L0 d��d��	��".�VDI��!�)kÆiC�62ÆAl�iCAd�ÆI�G#4Æs!�aQ�^�0�#℄�s0 o�ÆjCeKwz6�<l5�SK�K��k+�!w℄aQNuVDHm�:SW"/n aÆ� [26] �
KeckNu`S 6 5�WV0e6iCVD1MI�Æz��4Y`VC)kaQAl�iCAd�ÆI�uB�e6iC`S�g℄K��uB:S�*�
(1)e6iC�626#℄1M,Q
6�T~ 2��
(2) iC�L%f".eK�w℄�3�Nue6iCVDI��:SgW/n�� T 6 WE2NJ��hT
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5 ���K�{�℄i[P0<Y�wU:S�{B
i[�nÆAP0�m i[1MI��n��0MWq`5:K��B
i[7}872	��0ÆOh"d�ÆkA:Sbe
�I��; 3 e$`GnZ��u℄i[P0<�Y"'C�
�I�Q>"�	 3 �KMa<�9�d'n��W%���L� ? 8 D t rw�QCÆ[d d To�5b�� �J�;k2� HET � LAMOST �3d�mD � e� NIAOT n5KMS3?g8��L� ���|�ze�� 5b��GT75 SALT, CELTz�J�+��L� 5b��ze�� GT75�x^\� Keck, CSEM g8z�J L�
5.1 �kTo
B
Z
}rI12Tb�0ÆI�10ÆI�2u�℄i[P0<��0ÆIIB
Z
!B�\/lZ (�\
�Z) ��5
�um�Æ�Mu�\ / �5!�~I
��0~O /���Q01�0yB
�0�
��P��0CB
Z
�
��SnÆ
�6��<f6��PQpS�>2�	�4a (cm U) �{�Nu�0C�F4M/lI
�I��hÆ�0ÆI�F10ÆIÆ�4M/lI
�I��,ÆÆI��h�Æ}M��q#4	���0ÆIIB
Z
u�℄i[P0<�
��LdI�Æ8)|2a
�Y,^�"# P����
�0CB
Z
C�[��qÆI d�Æ1<�j1 [27] �10ÆIIB
Z

�I�)Op�10ÆIZ�z�0Z
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MWNu10Z
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m
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m
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O��}wz6d�LSK�I��e6
mvs�h6
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m
�I��04
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T 7 �f7Æ�J��hT [18] T 8 ��*Æ�J�

5.3 �35�V$�
)
�I��e6I��YVÆ�e6
mI�I)�
)!��Z�S�Æ!�662Ha�2aB}Z�[0ÆA��[0aQ"0���LÆ;�E�
)'}\����h5 �We5�6Ozb
�I�ÆhS 8 5��
)DS�Q.i[`	�)$|
���ÆY�u�Q.i[��>6s,5SKCHq�eKQ [29] �
6 ���K�{�P0�m�i[1MI� 
�I�C22��nid��6<�Z�K0�}R�

I�<��qd��6<�Z�K0�}R'}G�WS�zu�u%℄i[P0<���>"Æ<�Z�B
�0�
m�

�mÆY�Nu�6�mC�bZ��

SÆu%8wz6��SKÆ?NusV�6�m��6�mVI?Æ#
�XÆbwKbÆJÆ���^�Æ�qB8�70Æ.'E6�Æ�u�?VwzV#�Oh Keck Z���℄i[P0<M��:ni

S� HET Z��Nu`�r	����6Kbzb

�m [8] �
7 �r��)\)nT~`u℄℄i[P0<�sr��Æ>�#�BY"`}�pu�GnZ���℄i[P0<�'C�Oba$���B�_p`p℄ !p��1Z��Nu�?�E�VD�D'�e6<mB'I – h,<	1℄�J�℄i[P0<ÆpuQD!B`B	^hkV�gP�d� 4aCs�286C��uB�,1�&vHy1KbzbP0�m'}
��� on�,i�5n�T8onaQ286��x�ÆqbgCGnZ��u℄i[P0<�IL�{6�vxj�P0�m�O�ÆC�B	Æe6I�zAsPI�Æ2a��s�B�qd��ÆIÆy:j1
.ÆkA�ue6i[1MI� e6
�I�}M��n℄i[P0<�9C�5�iWÆ!=?OQpu�GnZ��`0��X�h	�SP0<U�^�u`e6HmÆh VISTA Z��S~0e&}rHTNu`e6�mÆ�=Y,^P�0[ [30] � NNT Z��SP0<ue6d0Z
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Abstract: The dilemma of the large diameter of mirror needed in modern astronomy against

the limitation of manufacturing process is resolved by the segmented mirror active optics tech-

nology , which has been widely used in large aperture infrared/optical astronomical telescopes.

To meet the performance requirements of co-focusing and co-phasing in segmented mirror active

optics, micro-displacement actuators with nanometer resolution and millimeter stroke are nec-

essary. Micro-displacement actuators are reviewed from the structural point of view for optical

astronomical telescopes involving segmented mirror active optics. The emphasis is on working

principle, performance requirement and mechanical structure of the actuators. Various basic

functional components of actuator are described to figure out pros and cons based on current

applications in astronomical telescopes. Seeing that, flexure exhibits excellent mechanical prop-

erties free of friction, clearance, and lubrication, it is extensively used in displacement pantograph

mechanism and guide mechanism to attain fine resolution of movement transmitting. In addition,

novel intelligent materials are introduced to development of actuators. Giant magnetostrictive

material with the solid-state deformation principle has the potential to render high force and pre-

cise displacement with small volume, making it suitable to realize efficient miniature actuators

for astronomical telescopes. Piezoelectric ceramics can generate precise deformation even at high-

frequency band, which enables them capable for adaptive optics. To meet technical requirements

for future extremely large telescope, the development tendency of micro-displacement actuator is

further discussed.

Key words: astronomical telescope; segmented mirror active optics; micro-displacement actu-

ator; displacement pantograph mechanism; guide mechanism


